We have studied SrTm2O4 using resistivity, magnetization, and polarized and unpolarized singlecrystal and powder neutron-diffraction measurements. Resistivity measurements demonstrate that a nearly stoichiometric Sr 1.07(3) Tm 2.07(6) O 4.00(2) single crystal is a robust insulator down to 2 K. High-temperature (∼ 580-880 K) magnetization reveals a net antiferromagnetic coupling with the paramagnetic (PM) Curie temperature θCW = −41.55 (20) K and a consistent effective PM moment M eff mea = 7.69(1) µB, to be compared with the theoretical value ∼ 7.56 µB of the Hund's rule ground state 3 H6. Magnetic field-dependent magnetization at 2 K agrees well with a modified Brillouin function for a non-interacting PM state albeit with a small deviation in the field range of ∼ 3.6-6.5 T and suggests that the magnetization may originate from only one of the two inequivalent Tm 3+ crystallographic sites. An appreciable deviation from the Brillouin function is visible above ∼ 8.3 T, indicating that Zeeman splitting of the high-level J -multiplets may lead to a new ground state. Our single-crystal polarized neutron scattering at ∼ 65 mK and powder unpolarized neutron diffraction at ∼ 0.5 K show no evidence for a long-range magnetic order and even detect no sign of diffuse magnetic neutron scattering. The data refinements reveal that the two TmO6 octahedral distortion modes are the same as those of the TbO6 octahedra in SrTb2O4, i.e., one distortion is stronger than the other one especially at low temperatures, which is attributed to different crystal electric fields for the two inequivalent octahedra. Consequently, we conclude that SrTm2O4 has no magnetic ordering, neither long-ranged, nor short-ranged, even down to ∼ 65 mK. Therefore, SrTm2O4 is a different compound from its brethren in the new family of frustrated SrRE2O4 (RE = Gd, Tb, Dy, Ho, Er, and Yb) magnets. We propose that crystal field anisotropy may dominate over weak dipolar spin interactions in SrTm2O4, leading to a virtually nonmagnetic ordering state.
I. INTRODUCTION
The existence of competing Hamiltonian terms, e.g. between single-ion anisotropy and spin-spin interactions, or of competing spin-spin interactions, e.g. between nextnearest neighbours, often leads to a large ground-state degeneracy since external agents such as temperature may not be able to simultaneously minimize competing energy components [1] . In this instance, novel ground states such as spin liquid, spin ice, cooperative paramagnetism or magnetic Coulomb phase based on magnetic monopole excitations may emerge in frustrated magnets, providing an excellent testing ground for approximations and theories [1, 2] .
Geometric frustration, e.g. in edge-sharing tetrahedra, corner-sharing spinels, or triangular Kagomé and pyrochlore lattices [3] [4] [5] , often results in anomalous magnetic properties in lanthanide-based magnetic systems and prevents the relevant magnetic ions from ordering in the usual long-range fashion at low temperatures even far below the energy scale of the individual spin-spin pair interactions. Consequently, structural distortion, short-ranged magnetic ordering, or noncollinear magnetic structures may result to release or to reflect the frustration. This is normally accompanied by a reduction of the ordered moment from the corresponding theoretical saturation value.
The intensively-investigated titanium pyrochlore compounds RE 2 Ti 2 O 7 (RE = Y and rare earth) have two RE sites (16c and 16d ) in the F d3m space group and thus form two sublattices of corner-sharing tetrahedra. The connections of magnetic RE sublattice lead to intense geometric frustration on one or both of them in case of an antiferromagnetic (AFM) next-neighbour (NN) exchange interaction [1] . In addition, the frustration is also expected even if the NN exchange interaction is ferromagnetic (FM) (e.g., RE = Ho and Dy), taking into account strong uniaxial anisotropy. When RE = Yb, Gd and Er, magnetic order appears at transition temperatures of 0.25, 0.97 and 1.25 K [6, 7] , respectively. The compounds of Ho 2 Ti 2 O 7 and Dy 2 Ti 2 O 7 display a novel spin-ice ground state [8] without magnetic phase transition to a long-range ordered spin state even down to 50 mK. Tb 2 Ti 2 O 7 does not order even at 70 mK, forming a spin-liquid ground state [9] .
The new family of frustrated SrRE 2 O 4 compounds adopt an orthorhombic structure [10] accommodating two inequivalent atomic sites for the RE ions (RE1 and RE2), too. These compounds were first synthesized in 1967 [11] . A subsequent study of polycrystalline SrRE 2 O 4 samples [12] reveals that the RE ions are frustrated magnetically. This is based on observations that the short-ranged magnetic ordering of SrRE 2 O 4 (RE = Dy, Ho, and Er) persists down to ∼ 1.5 K, and no magnetic ordering was observed for SrRE 2 O 4 (RE = Tm and Yb), which was attributed to the low magnetic moments of the heavy lanthanides Tm and Yb. However, a recent neutron-scattering study of a SrYb 2 O 4 single crystal concluded that the compound undergoes an AFM phase transition to a long-range commensurate noncollinear spin structure at T N = 0.9 K. Both the Yb1 and Yb2 moments order, with a reduction of just the ordered Yb2 moment (∼ 2.17 µ B at 30 mK) from the theoretical full ionic value (4 µ B ) [13] . Therefore, polycrystalline [12] and single-crystalline [13] SrYb 2 O 4 studies give different results. A similar discrepancy was also observed in the SrHo 2 O 4 compound. On the one hand, neutron scattering of the polycrystalline SrHo 2 O 4 sample reveals a coexistence of the long-range two-dimensional (2D) and the short-range magnetic orders [12, 14] . On the other hand, single crystal neutron-scattering study of SrHo 2 O 4 demonstrates only one-dimensional (1D)-like diffuse scattering [15] . only weak diffuse magnetic scattering even down to ∼ 20 mK [16] .
To shed light on the nature of the frustration in family of SrRE 2 O 4 compounds, it is crucial to solve detailed spin structures and determine the relationship between the size of ordered moments and their corresponding magnetic RE ions. Note that the theoretical saturation magnetic moment of the Tm 3+ ion is 7 µ B which is much larger than that (4 µ B ) of the Yb 3+ ion that indeed orders magnetically in SrYb 2 O 4 [13] . It is therefore necessary to explore the spin state of Tm 3+ ions in a single-crystal SrTm 2 O 4 sample.
In this paper, we report on the first single-crystal study of the interesting magnetic behaviour of SrTm 2 O 4 . The compound displays a negative paramagnetic (PM) Curie temperature which suggests AFM coupling. However, polarized and unpolarized neutron-scattering investigations show no sign of any types of magnetic ordering, even down to ∼ 65 mK, and the finding is consistent with field-dependent magnetization measurements. This is quite different from the other members in the SrRE 2 O 4 family with RE = Gd, Tb, Dy, Ho, Er, and Yb [13] [14] [15] [16] [17] [18] [19] .
II. EXPERIMENTAL DETAILS
The synthesis of SrTm 2 O 4 samples is similar to that reported in Ref. [20] . The chemical stoichiometry of the studied single crystal was quantitatively estimated by inductively coupled plasma with optical emission spec- 
0.504 (1) troscopy (ICP-OES) analysis. The electrical resistivity of a bar-shaped single crystal was measured by standard dc four-probe technique. The dc magnetization was measured as a function of temperature (from ∼ 580 to 880 K) at 1.5 T, and as a function of applied magnetic field (up to 9 T) at 2, 40 and 80 K, using a commercial physical property measurement system (PPMS). The fielddependent magnetization was acquired after cooling in zero magnetic field (ZFC).
We cleaved a piece of the SrTm 2 O 4 single crystal with a mass of ∼ 0.8 g for the neutron-scattering studies. This sample was oriented in the (H, K, 0) scattering plane of the orthorhombic symmetry with the neutron Laue diffractometer, OrientExpress [21] , at the Institut LaueLangevin (ILL), Grenoble, France.
Uniaxial longitudinal neutron polarization analysis was carried out on the D7 (ILL) diffractometer [22] with a dilution fridge at a wavelength λ = 4.8Å. The data were calibrated with vanadium for detector efficiency, and amorphous quartz for polarization corrections. The corresponding background was measured at ∼ 1.6 K using an empty sample holder. Measurements were carried out with the neutron polarization,P, aligned normal to the scattering plane (defined as the Z -direction).
High-resolution neutron powder diffraction (NPD) patterns were collected on the structure powder diffractometer (SPODI) [23] at the FRM II research reactor in Garching, Germany. The wavelength was fixed at λ = 2.54008(2)Å which is obtained from the Fullprof [24] refinement. The rest of the SrTm 2 O 4 single crystal (∼ 3.91 g) was gently ground into powder and then sealed in a cylindrical vanadium can. The can was then mounted in a 3 He insert with a normal cryorefrigerator. The detector was scanned with a typical step size of 0.05
• . The NPD data were refined with the Fullprof suite [24] . A Pseudo-Voigt function was used to model the peak profile shape. The background was refined using a linear interpolation between automatically selected data points. The scale factor, zero shift, wavelength, peak shape parameters, asymmetry, lattice parameters, atomic positions, isotropic thermal parameter B as well as the preferred orientation, etc, were all refined.
It is pointed out that the single crystals used for the above measurements are from the same ingot synthesized in one growth.
Throughout this paper, the wave vector
, where a, b, and c are the relevant lattice parameters referring to the orthorhombic unit cell.
III. RESULTS

A. ICP-OES and resistivity measurements
From our ICP-OES measurements, we determine the mole chemical compositions as Sr 1.07(3) Tm 2.07(6) O 4.00 (2) , indicating that the studied single crystal is stoichiometric within our experimental accuracy. We tried to measure resistivity of the SrTm 2 O 4 single crystal with a multimeter at ambient conditions. Unfortunately, potential resistivity is beyond the maximum range (10 6 ohm) of the ohmmeter. Attempts to check the resistivity with our PPMS system from 2 to 300 K are also fruitless. Hence, we conclude that SrTm 2 O 4 is a robust insulator. In this case, any attempt to understand the anomalous magnetic frustrations in this compound must be based on the model of purely-localized magnetism of the ionic Tm 3+ ions. A deeper understanding of the insulating state necessitates theoretical band structure calculations.
B. Magnetization vs. temperature
To extract the intrinsic magnetic properties of SrTm 2 O 4 , we measured the high-temperature (∼ 580-880 K) magnetization of a small piece of the single crystal (∼ 56.920 mg) at 1.5 T as shown in Fig. 1 . The linear increase of the inverse magnetic susceptibility χ −1 = µ 0 H/M with temperature in the PM state obeys well the molar susceptibility according to the Curie-Weiss (CW) law:
where C is the Curie constant, θ CW is the PM Curie temperature, M eff is the effective PM moment, N A = 6.022 × 10 23 mol −1 is Avogadro's number, and k B = 1.38062
From the fit to the data with Eq. 1, shown as the dashed line in Fig. 1 , we derive a measured M eff mea = 7.69(1) µ B per Tm 3+ ion, which is very close to the expected theoretical value M eff theo ∼ 7.56 µ B of the ground state 3 H 6 determined by the Hund's rules. This is consistent with the fact that the studied single crystal is almost stoichiometric. We also deduce that θ CW = −41.55 ± 0.20 K, implying a net AFM coupling strength which is stronger than that (-33.8(6) K) derived from the susceptibility of a polycrystalline sample between 150 and 320 K [12] . Similar differences in the magnetization between both kinds of samples can also be observed in SrEr 2 O 4 [17, 18] and SrHo 2 O 4 compounds [12, 14, 15] . Our study further demonstrates that polycrystalline and single-crystalline SrTm 2 O 4 samples also differ in their magnetic properties due to different sample preparation procedures: a polycrystal is usually prepared through a solid-state reaction by first calcining the relevant raw materials and then sintering the subsequently pressed mixture, forming a coherent mass by heating but without melting; on the other hand, to grow a single crystal, the related materials have to be melted by strong enough power or utilizing flux to decrease the melting point of the resultant compound [25] . In addition, this discrepancy in properties between samples prepared by different groups has been realized to be a significant issue in cuprate oxide [26] and colossal magnetoresistance manganite samples [27] [28] [29] during the past years.
C. Magnetization vs. magnetic field
To explore the Tm 3+ magnetic state and possible high magnetic-field effect on the high-level J -multiplets, we measured the field-dependent magnetization as shown in Fig. 2 . The measured moment size per Tm 3+ ion at 9 T and 2 K is 2.60(1) µ B , ∼ 37.1% of the corresponding theoretical value 7 µ B , implying a strong single-ion anisotropy due to crystal field effect [30] . It is pointed out that neutron scattering based on the Bragg law and magnetization measurement detect different magnetic configurations. It is thus not necessary to differentiate the two Tm 3+ sites here. The nonlinear field-dependence at low temperatures would result from pure PM, FM or a magnetic-polaron (due to possible ionic vacancies, structural defects, etc.) state [31] , or a short-ranged AFM state taking into account the processes of spin-flop and spin-flip transitions with increasing field [13, 30] . At 2 K, there is no appreciable magnetic hysteresis effect. This, along with the fact that the studied single crystal is nearly stoichiometric, clearly rules out the possibility for a FM or a magnetic-polaron state. The field-dependent magnetization at low temperatures theoretically obeys a Brillouin function modified specifically for a frustrated PM magnet: The lower curves represent the difference between observed and calculated patterns. The vertical arrow located in (a) marks roughly the center position of the observed extremelybroad magnetic diffuse scattering which was attributed to the presence of short-ranged magnetic ordering in the polycrystalline SrRE2O4 (RE = Ho, Er, Dy) samples in the study of Ref. [12] where the wavelength employed for the NPD study is 1.5402Å. It is clear that no appreciable diffuse magnetic scattering can be observed for the powdered SrTm2O4 single crystal.
where η denotes the degree of magnetic frustration, M sat theo is the theoretical value of the saturation mole moment, J is the total angular momentum, x = g J JµBH k B T . All these parameters are listed in Table 1 . Eq. 2 was used to fit the measured data shown in Fig. 2 , giving η = 0.504(1) at 2 K. To all appearances, the fits are good enough to conclude that SrTm 2 O 4 stays in a PM state at 2 K.
D. Polarization analysis at D7 Figure 3 shows neutron polarization analysis data in the spin flip (SF, flipper on) and non-spin flip (NSF, flipper off) channels. Polarized neutron magnetic scattering depends on the direction of the neutron polarizationP with respect to the scattering vectorQ, and also the direction of the ordered-momentsμ. In our study,P is normal to the scattering plane, and is also parallel to the c axis [22] . In this configuration, and assuming that the sample has no FM and ferrimagnetic components (which is actually true for SrTm 2 O 4 based on the foregoing remarks), the spin-dependent cross-sections may be written as:
where
where γ n = -1.913 is the neutron gyromagnetic ratio, r e = 2.81794 × 10 −5Å is the classical electron radius, f M (|Q|) is the magnetic form factor at the magnetic reciprocal lattice (Q), g J and J are the Landé factor and total angular momentum, respectively. The cross-section subscript nsi refers to the nuclear spin incoherent contribution. The subscript nuc refers to nuclear and isotopic incoherent contributions. The magnetic contributions, given by the subscript mag, are subdivided into two parts: those components ofμ that are parallel toP, hence normal to the scattering plane and parallel to the c axis, give rise to NSF scattering, i.e., 
those components that are perpendicular to bothP and Q give rise to SF scattering [22] , i.e., Figure 3 shows no obvious magnetic scattering observed at ∼ 65 mK. The NSF scattering in Fig. 3(a) shows Bragg peaks that can be indexed with the corresponding orthorhombic structure. There is some parasitic intensity visible in the SF scattering in Fig. 3(b) due to small errors in correcting for imperfect polarization. However, there are indeed no new Bragg peaks, which would imply long-ranged magnetic order with a nonzero propagation vector, nor is there any obvious diffuse scattering from short-range order, within the (H, K, 0) scattering plane.
E. NPD study at SPODI
We performed a NPD analysis as shown in Fig. 4 . The large mass of the powder and the considerable counting time (e.g. ∼ 26 h at 0.5 K) enable us to detect any possible magnetic neutron scattering signal, as verified in the studies of Refs. [19, 29] where the same neutron diffractometer SPODI was used. The Bragg peaks in the collected NPD patterns can be well indexed by the orthorhombic structural model, which rules out possible magnetic ordering with a nonzero propagation wave vector consistent with our polarization analysis presented above. Figure 5 schematically depicts the resulting crystal structure (Fig. 5(a) ), local connections of the TmO 6 octahedra (Figs. 5(b) and (c) ), as well as the bent Tm 6 honeycomb and its projection to the ab plane (Figs. 5(d) and (e), respectively). The TmO 6 octahedra build up a 3D network in the way of sharing edges between Tm1O 6 or Tm2O 6 . The connections between both types of octahedra are their in-plane and spatial corners. By way of example, two nearest Tm1O 6 octahedra (Fig. 5(b) ) share a common O2-O3 bond along the c axis, and the Tm1 and Tm2 sites are connected by the O1 or O3 ions ( Fig. 5(a) ).
Based on the irreducible representation analysis to the lower P -1 symmetry [24] , we tried all possible magnetic models with a propagation wave vector at Q = (0, 0, 0) [13] to analyze the NPD data. One representative Fullprof [24] refinement is displayed in Fig. 6 . We find a reasonable refinement only when the Tm moments are along the c axis, although the values of the goodnessof-fit give no appreciable improvement in comparison with those of the refinement with only nuclear structural model ( Table 2 ). The resulting Tm1 and Tm2 moments are +0.30 (21) and -0.20(21) µ B at 0.5 K, respectively. This suggests that there is no long-range magnetic ordering at all, consistent with the magnetization characterizations. We therefore conclude that SrTm 2 O 4 is a totally-frustrated compound at least at T ≥ 65 mK.
IV. DISCUSSION AND CONCLUSION
Theoretically, both Tm
3+ and Tb 3+ (S = 3, L = 3, J = 6, g J = 1.5) are non-Kramers ions with saturation magnetic moments of 7 and 9 µ B , respectively. However, at 0.5 K, SrTb 2 O 4 displays an incommensurate noncollinear AFM structure [19] with partially-ordered moments 1.92(6) µ B (at the maximum amplitude) accommodated only at the Tb1 site. In contrast, SrTm 2 O 4 shows no magnetic ordering. The shortest interatomic Tm-Tm (Table 2) and Tb-Tb [19] distances at 0.5 K are 3.3809 and 3.4523Å, respectively, which, in conjunction with the previous remarks, implies that a direct exchange interaction between the magnetic RE ions in SrRE 2 O 4 plays no role in the potential spin couplings. The implication is consistent with the fact that unpaired 4f electrons are well shielded by the 5s 2 p 6 shells as long as a purely ionic model, supported by the resistivity measurements, is assumed. Although some of the ∠Tm-O-Tm bond angles (e.g. ∠Tm1-O3-Tm1 and ∠Tm1-O1-Tm2) that be entirely due to contamination from higher-order reflections. Similar weak structurally-forbidden peaks were also present in a neutron-scattering study of a SrHo 2 O 4 single crystal [15] where their crystallographic origin has not yet been confirmed. A systematic determination of the temperature-dependent nuclear structural symmetry is a prerequisite to whether or not the DM interaction should be taken into account in the SrRE 2 O 4 family. In our present study, no such kind of forbidden peaks are observed in SrTm 2 O 4 , hence the DM interaction is unlikely to play a role in the magnetic exchange. Therefore, we conclude that the magnetic coupling in SrTm 2 O 4 arises mainly from an anisotropic dipole-dipole interaction which, while very weak, is additionally subjected to crystal field effects resulting from the octahedral environments (as discussed below). We calculate the average octahedral distortion parameter ∆ as defined by:
where d n and d are the six Tm-O bond lengths along the six crossed directions and the mean Tm-O bond length (Table 2) , respectively. We note that the ∆ values of the Tm1 and Tm2 ions have a similar magnitude to that of the Tb2 ion in SrTb 2 O 4 [19] . Since the magnetic moments associated with these three ions disorder entirely, it is thus reasonable to infer that the magnitude of the ∆ value acts as an indicator of whether the RE ions in SrRE 2 O 4 may order magnetically. In this case, there should exist a critical value for ∆, below which the potential magnetic moments disorder completely, but above which the RE ions display some form of magnetic ordering. In other words, to realize a magnetically-ordered state, the spin interaction must exceed a critical value to overcome the single-ion anisotropic energy. In addition, as temperature decreases from 4 to 0.5 K, the ∆ value of the Tm2 ion decreases, whereas that of the Tm1 ion increases (Table 2 ). This reflects the temperaturedependent behavior of the Tb1 and Tb2 ions in SrTb 2 O 4 [19] . It is necessary to explore this common tendency in other family members of SrRE 2 O 4 . Based on the refined Tm-O bond lengths (Table 2) , we deduce two distortion modes for the Tm1O 6 and Tm2O 6 octahedra as shown in Figs. 5(b) and (c) , respectively. It is interesting that both distortion modes are the same as the corresponding ones of the Tb1O 6 and Tb2O 6 octahedra [19] , indicating a common feature. Both distortion modes may be ascribed to crystal field anisotropy, which is supported by the observation in SrTb 2 O 4 [19] that the partially-ordered Tb1 moments qualitatively point to the direction of the stress product imposed on the Tb1 ion by the Tb1O 6 octahedral distortion. A quantitative understanding of both distortion modes necessitates a theoretical model to simulate the tension state of the RE-O bonds, and a quantitative determination of the detailed crystal field parameters by inelastic neutron scattering.
Two explanations are possible for the refined η = 0.504(1) at 2 K (Eq. 2). Firstly, the Tm1 and Tm2 sites present measurable magnetization, but both sites are nearly half frustrated even in the PM state, and the frustrated spins are in a strong freezing state. Secondly, the measurable magnetization derives from only one of the two Tm sites, probably the Tm1 site, and the other is frustrated completely even in the PM state at 2 K. Although both cases can lead to the slight increase in magnetization from H 1 ∼ 3.6 to H 2 ∼ 6.5 T as shown in Fig. 2 , the later case is more favourable because it resembles the magnetic behaviour of the Tb1 and Tb2 sites in the magnetically-ordered state of SrTb 2 O 4 [19] , and, most importantly, there is no appreciable magnetic relaxation at 2 K after magnetic field has reached even 9 T. The obvious decrease in the measured magnetization above ∼ 8.3 T at 2 K in contrast to the theoretical Brillouin calculation (Fig. 2 ) may suggest a Zeeman splitting effect on the high-level J -multiplets.
The PM Curie temperature of single-crystal SrTm 2 O 4 is ∼ −41.55 K, however, no evidence of magnetic ordering, even short-ranged, appears down to ∼ 65 mK in our neutron-diffraction studies. This implies that there exists an extremely strong magnetic frustration for the Tm 3+ ions in SrTm 2 O 4 or the potential magnetic ordering is highly gapped by a strong crystal-field anisotropy. As shown in Fig. 5(d) , the NN Tm1 or Tm2 ions are respectively staggered along the c axis, while the connections between the NNN Tm1 or Tm2 ions form ladderlike chains in the same direction. Altogether, the NNs TABLE 2. Refined structural parameters (lattice constants a, b and c, atomic positions, Debye-Waller thermal parameter B ) and associated bond angles and bond lengths as well as the corresponding goodness of refinements by the Fullprof Suite [24] from the NPD data measured at 0.5 and 4 K using SPODI (FRM II). We list the lengths of NN, NNN, and next-NNN (NNNN) Tm1-Tm1, Tm2-Tm2, and Tm1-Tm2 bonds for the discussion in text. The calculated unit-cell volume V, average bond-lengths Tm1-O1,2,3 and Tm2-O1,3,4 , and the extracted octahedral distortion parameter ∆ (as defined in text) are also listed. All atoms are located at the Wyckoff site 4c, i.e. (x, y, 0.25). Number in parenthesis is the estimated standard deviation of the last or the next last significant digit. It is interesting to compare our results with those from the pyrochlore compounds of RE 2 Ti 2 O 7 (RE = Tm and Tb). In Tm 2 Ti 2 O 7 , magnetic Tm 3+ ions occupy one of the two corner-sharing tetrahedral sublattices. The crystal field effect radically dominates over the magnetic exchange interactions so that the ground state is a virtual crystal-field singlet rather than a short-ranged and frustrated magnetic state, and the lowest-lying crystalfield excitations thus don't show any appreciable dispersion [32] . In addition, the magnetic susceptibility of Tm 2 Ti 2 O 7 gets a clear plateau at low temperatures [32] , whereas that of SrTm 2 O 4 continuously increases [12] , implying different origins of the nonmagnetic ordering states of both compounds. Although there exists a strong AFM interaction based on the value of the CurieWeiss temperature (-19 K) [9] , no appreciable long-range magnetic order forms in Tb 2 Ti 2 O 7 even down to 50 mK but short-ranged magnetic order was indeed observed indicative of a spin-liquid ground state [9] . The nature of the magnetic ground state and the reason for the absence of long-ranged spin order of Tb 2 Ti 2 O 7 still remain elusive, which represents a theoretical puzzle and also a real experimental challenge. Our further analysis of the ω-averaged [22] neutron scattering intensity in the SF (Eq. 3) and NSF (Eq. 4) channels indeed indicates the existences of PM neutron scattering and AFM coupling in SrTm 2 O 4 at ∼ 65 mK. However, an estimate of the moment size (Eq. 5) is complicated by the presence of strong nuclear spin-incoherent scattering from the copper support on which the sample was mounted. Future experiments using the XY Z polarization method at D7, which will give a clear separation between nuclear coherent, nuclear spin-incoherent, and magnetic cross-sections [22] , may be attempted. Our present results provide a more mysterious compound for theorists and experimentalists, SrTm 2 O 4 , which is different from both SrDy 2 O 4 and Tb 2 Ti 2 O 7 due to the absences of both short-and long-ranged magnetic orders.
To summarize, we have demonstrated that there is no long-or short-ranged magnetic ordering in single-crystal SrTm 2 O 4 even down to ∼ 65 mK, though the hightemperature magnetization indicates a strong AFM coupling. This is consistent with the field-dependent magnetization measurements where the data can be adequately fit using a modified Brillouin function (Eq. 2) for a frustrated PM state. We argue that the nonmagnetic ordering state is ascribed to a strong anisotropic crystal field effect. This kind of magnetic anisotropy may gap potential magnetic ordering, leading to a virtual nonmagnetic ordering state. We also find some common features for both SrTm 2 O 4 and SrTb 2 O 4 single crystals: (i) the measured magnetization, even in the PM state, is from just one of the two crystallographic RE sites; (ii) the same octahedral distortion modes as well as their evolutions with temperature; (iii) the spin couplings are dominated by the dipole-dipole interactions. These common features observed in both compounds may be vital to a complete understanding of the novel magnetic behaviour of SrRE 2 O 4 . Further explorations with higher magnetic fields and uniaxial pressure along the axes, spin-density measurements in the PM state, and especially inelastic neutron-scattering studies, would be of great interest.
